was the son of a famous father and by supporting his father is linked to the story of ether anaesthesia. Ether and the dentist William Thomas Green Morton (1819-1868) has far outlasted any medical/ scientific contributions made by the electrotherapist/radiologist William James Morton. It is also noticeable that several of his obituaries make no mention of any of his contributions with X-ray work. In later life he served a prison sentence for fraud relating to non-existing silver mines. The X-ray textbook written by William James Morton, in association with Edwin Hammer, was published in September 1896 and was the first X-ray textbook to be published in the USA. Several X-ray images made by William James Morton are included in this brief biography.
Introduction
Both William James Morton (1845 Morton ( -1920 and his father were involved in various controversies during their lifetimes: for the elder Morton these were linked to the priority claim for the use of ether as an anaesthetic [1] [2] [3] [4] [5] . The younger Morton was drawn into these controversies by supporting his father. William James Morton was also convicted for fraud later on in his life, in 1912, relating to non-existent silver mines in Canada. Several of his obituaries fail to mention his contribution to X-ray knowledge in 1896 and this brief biography redresses this to a certain extent, including five X-ray images dating from 1896. As well as being the author of the first X-ray textbook in the USA [6] , William James also published the world's first whole body radiography taken as a single image: as distinct from a whole body radiograph being made of two or three sections. The most detailed of his biographies [7] is that found in the book Trail of the Invisible Light by E.R.N. Grigg. Although this reference does not include a selection of Morton's radiographs.
Morton family genealogy
The Morton family were originally from Scotland with Robert Morton an immigrant to the USA. William Thomas Green Morton was Robert's great-grandson. The 1870 USA census entry shows William James Morton as a 25-year old medical student living with his mother and three of his four siblings (Edward, Elizabeth & Nathanial) in Needham, Norfolk, Massachusetts. A decade later in 1880 William James (Fig. 1) is living in New York City with his first wife, Elizabeth Lee, and her family. By 1900 his home was in Manhattan and he was described as a physician. In 1910 he was still living in Manhattan but described as a physician-general practice. However, by 1920 he had moved with his 2 nd wife (who was much younger than him) to Miami, Florida. He had no children with either wife and died in 1920 of heart disease.
William Thomas Green Morton
William Thomas Green Morton (1819-1868) is famous for being the first to publicly demonstrate, in September 1846, that inhaled ether could be used as a surgical anaesthetic. This was for a tooth extraction. He claimed throughout his life that he was the discoverer of anaesthesia and it became his obsession to obtain exclusive patent rights for the use of ether anaesthesia. He was to give up his thriving dental practice, became involved in much litigation, and died deeply in debt.
Morton In December 1846 and during 1849, 1851 and 1853 he made failed applications to the United States Congress for a 'national recompense' of US$ 100,000. All these applications failed. This failure was in part due to the claims of Jackson and Wells as the discoverers of ether.
In 1852 he received an honorary degree from Washington University of Medicine in Baltimore (later to become the College of Physicians & Surgeons). In 1862 he joined the Army of the Potomac as a volunteer surgeon and used ether on more than 2000 soldiers during the battles of Fredericksburg, Chancellorville and the Wilderness.
Just before his death he exhibited rather bizarre behaviour in July 1868 in that when riding in a carriage with his wife, he suddenly demanded the carriage stop, and he ran into the lake in Central Park 'to cool off' . This was because he had suffered a major stroke which proved fatal soon afterwards [1] [2] [3] [4] [5] 8 ].
Education & early years of William James Morton
William James Morton (1845 Morton ( -1920 In 1869 he supported himself financially by being the resident medical officer in the Discharged Soldiers' Home and then as a junior doctor at Massachusetts General Hospital, becoming a House Surgeon in 1871. He graduated M.D. from Harvard in 1872 and later that year travelled to Europe. It was also in 1872 that he was awarded Harvard's Boylston Prize for his thesis about his father's work on Anaesthetics. Morton travelled first to Vienna, 1872-1874, and then to Kimberley, South Africa where he became the medical officer of a mining company (as well as establishing a profitable private practice). During this period to 1876 he hunted big game and staked his own diamond mining claims.
He returned to the USA at the end of 1876 via England, France and Germany. During his French visit he received teaching in Paris at the Salpêtrière Hospital from Jean-Martin Charcot (1825-1893). Morton spent time defending his father's work on anaesthesia [9] [10] [11] [12] [13] [14] and undertook his own work using cocaine for local anaesthesia. However, he was to become better known as an electrotherapist and radiologist than an anaesthetist [5, 7, 15] . [6] , following he listed several memberships (Table I) .
Professional life 1878-1895
The basis for his reputation as a famous electrotherapist was his design of apparatus for producing what he termed the 'Morton current' . This was a static machine with Leyden jars, a wet sponge electrode and a gun-shaped electrode [7, 16] . He specialised in neurology and with some 20 other physicians watched Daniel Smith Lamb (1843-1929) perform the autopsy on Charles Guiteau (1840-1882) the executed assassin of President Garfield. Morton himself reported on the examination of Guiteau's brain [17] . He published several papers on electrotherapeutics [for example, see 16, [18] [19] [20] [21] [22] [23] . This period 1878-1895 predates the discovery of X-rays in November 1895 and of radioactivity in 1896 and radium in 1898. From 1899-1908 Morton again published on electrotherapeutics [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] as well as on X-rays.
X-rays 1896-1897
The electrotherapeutic apparatus available to Morton enabled him to immediately start experimenting with X--rays (Fig. 3) once the knowledge of their discovery reached the USA. In 1896, as well as his book [6] , written with the electrical engineer Edwin Wesley Hammer (1867-1951), he also published several papers on X-rays [35] [36] [37] [38] [39] [40] [41] [42] .
Morton's textbook [6] is arranged in four parts I-IV with three appendices A-C. {I} Definitions. {II} Apparatus. {III} Operation. {IV} Surgical value of the X-ray. {A} A new form of radiation: the preliminary communication to the Würzburg Physico-Chemical Society by Professor Konrad Roentgen dated December 1895. {B} Experiments with Roentgen rays, Roentgen ray lamps and other experiments, Influence of temperature on X-ray effects by Thomas A. Edison. {C} The surviving hypothesis concerning the X rays by Oliver Lodge. Table II gives the eight subsections of Part IV. The subsection on curative action of the X-ray is produced here in full as it represents the start of thoughts on X-ray therapy and on X ray damage. "Much interest has been excited as to the influence of X-rays on bacteria. In February 1896, Dr Morton exposed cultures of the cholera vibrio of the bacillus colli communis, the bacillus of typhoid fever and of diphtheria to the X-rays for 30 minutes and for one hour. They were from time to time compared with other cultures kept under the same conditions except for the exposure to X rays in the usual manner. No differences could be determined at that time between the cultures which had been exposed to the X rays and those which had not been so exposed.
These experiments, however, were conducted in the early days of the X ray, when it was not by any means powerful, and yet it remains with the powerful X ray of today to determine whether or not in reality the X ray possesses a germicidal action.
In favour of an influence of the X rays upon tissue is the experience of the experimenter that after viewing a powerful X ray continuously through a fluoroscope, the eyes are frequently affected painfully. Inflammation of the eyelids, upper lips and of the skin of the face generally, somewhat if the nature of sunburn, has been recorded by more than one experimenter as the result of exposure to the X ray. "
His publication of a whole body X-ray image was in 1897 [43] (Fig. 4) and in the same year he also published an image of the head [44] . The apparatus included a 12" induction coil whose primary was supplied from the 117 volt Edison current of the New York street mains. The distance of the tube to the X ray plate was 54" and the time taken including stoppages was 30 minutes.
At the end of Morton's book [6] is a list of radiographs which could be purchased from the American publisher of the book: American Technical Book Company of 45, Vesey . The world's first whole body radiograph taken in a single exposure [43, 44] Street, New York. They are advertised as life size and handsomely mounted. Most cost 60 cents. Figures 5-8 are examples.
Cancer 1902-1915
Morton not o nly published on X-ray diagnosis but also on X-ray therapy and radium therapy for cancer [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] . He was most productive up to 1908. His final publication was in 1915 [57] .
Mining fraud & prison 1911-1913
Morton's earliest publications on mining were in 1877-1878 relating to the South African diamond fields [58, 59] . The advertising claims circulated in leaflets by the U.S. Mail were in fact false, but investors nevertheless subscribed over 3.5 million U.S. dollars as investment in the non-existing silver mine.
Eventually the fraud was exposed and the Federal Government indicted Freeman, Hawthorne, Morton and Quincy on the charge of using the U.S. Mails in aid of a scheme to defraud. The proceedings opened on 28 November 1912 with 106 witnesses giving testimony during six weeks at a cost to the Government of U.S. $50,000. The jury deliberated for 28 hours and acquitted Quincy but found Freeman, Hawthorne and Morton guilty. Freeman was sentenced to five years in prison (Atlanta Federal Penitentiary) and Hawthorne and Morton to one year and one day.
They served six months. Hawthorne moved to California and became a successful writer. Morton on 13 December 1913 was granted a pardon by President Woodrow Wilson and on 26 June 1914 was reinstated as a practicing physician by the New York Board of Regents. After his prison term Morton returned to his old office at East 28 th Street, New York, but he had lost his old stamina [7, 60, 61] . showing not only the location of the teeth where concealed within their sockets but also the outlines of the cavities of the teeth themselves [6] 
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